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Abstract
Mediation and integration of data are significant chal-
lenges because the number of services on the Web, and
heterogeneities in their data representation, continue to in-
crease rapidly. To address these challenges we introduce
a new measure, mediatability, which is a quantifiable and
computable metric for the degree of human involvement in
XML schema mediation. We present an efficient algorithm
to compute mediatability and an experimental study to ana-
lyze how semantic annotations affect the ease of mediating
between two schemas. We validate our approach by com-
paring mediatability scores generated by our system with
user-perceived difficulty. We also evaluate the scalability of
our system.
1 Introduction
The increased adoption of the REpresentational State
Transfer paradigm [5] has made it easier to create and share
services on the Web. RESTful services often take the form
of RSS/Atom feeds and AJAX-based light-weight services.
The XML-based messaging paradigm of RESTful services
has made it possible to bring discrete data from services to-
gether and create more meaningful data sets. This is be-
ing referred to as building a mashup. A mashup is the
Web application created using two or more existing Web
application interfaces. Some impediments in the creation of
mashups are : 1) the programming skill required to develop
such applications (largely due to complexity of languages
such as javascript) and 2) the arduous task of mapping the
output of one service to the input of another. Frameworks
such as Google Mashup Editor1 and IBM Sharable Code2
have addressed the first problem with reasonable success
1http://editor.googlemashups.com/editor
2http://services.alphaworks.ibm.com/isccore
by creating programming-level abstractions. However, lit-
tle work has been done towards helping the developers in
the task of data mediation.
The importance of understanding and addressing the
problem of data mediation in distributed systems is under-
scored by the volume of research in matching and mapping
heterogeneous data. Matching is the task of finding cor-
respondences between elements in schemas or instances.
Once the corresponding elements are identified, mapping
defines the rules to transform elements from one schema
into another. Matching and mapping have been well stud-
ied by various researchers including [7], [16] and [8] in
different contexts. Considerable research effort has gone
into creating frameworks that attempt automated and semi-
automated matching and mapping of heterogeneous data.
These efforts, have yielded limited success,however, and
developers are often left with the hard task of performing
the mediation manually.
The end goal of traditional schema matching has been
to establish semantic similarity between schema elements.
However, semantic equivalence does not guarantee inter-
operation. Depending on the heterogeneities between the
schemas , mediation is harder or even impossible to auto-
mate [16]. Even when mediation is manual, it is hard to
estimate the degree of human involvement in performing
mediation between the two schemas. The goal of this paper
is go a step beyond matching and define mediatability as a
measure of the degree of human involvement. We believe
that such a measure would help users in selecting services,
especially in the light-weight services scenario, where often
one has to choose from a plethora of services that offer the
same or similar features with little separation.
Our experience with IBM Sharable Code [9] largely
motivated this work in quantifying ease of mediation. In
creating the data components for the IBM sharable code
mashups, a significant amount of effort was needed to pick
1
the correct data elements, often from large and complex
schemas. To illustrate, the popular REST API directory,
programmableWeb.com3, returns 71 services for the search
keyword mapping. Most real-world services (for example
Amazon 4 , Microsoft Live 5) model a rich schema, making
them large and verbose. We believe based on our experience
on creating real-world mashups [19], having a quantifiable
measure of the degree of human involvement in mediation,
would serve as a useful metric in the selection of services.
The paper makes two unique contributions.
• First, we introduce the concept of mediatability as an
indicator of the degree of human involvement in me-
diation between two schemas. Further, we provide a
quantifiable definition of mediatability that takes into
account the element level similarity and the structural
similarity of the two XML schemas.
• Second, we provide an efficient two pass algorithm
for computing the mediatability. The similarities are
computed in the top-down pass and the mediatability
is computed in the bottom-up pass. Further, we dis-
cuss an optimization technique to get a better average
case time complexity.
There has been activity in semantically annotating schemas
and since they are a high indicator of semantic similarity be-
tween two elements, it is valuable to see what this brings to
the problem of computing mediatability. We provide an ex-
perimental study to analyze the impact of having semantic
annotations in determining the ease of mediation between
two schemas. We validate our approach by comparing the
mediatability scores generated by our system against that of
user perceived difficulty in mediation. We also evaluate the
scalability of our system.
2 Motivation
We illustrate the need for and the use of mediatability
by the example of a developer trying to create a mashup in
which one of the services is an image search service. Exam-
ples of such mashups can be found at [22]. Services such
as Microsoft live search and Yahoo image search return im-
age results for a given search string, and the developer has
to choose one of services. Snippets of the Yahoo image
search and Microsoft live search result schemas along with
the desired target schema of the developer is illustrated in
Figure 1. For the purposes of the example, we consider the
schemas of Live and Yahoo image search to be the source
schemas. As we can see from Figure 1, the live result
schema is nested and deep, while the Yahoo schema is shal-




return a set of images for a given search query, one met-
ric that can help in differentiate between the two services
is the ease with which the developer can mediate between
the schema of the service provider and the target schema.
Mediatability is the measure of the ease of performing this
mediation.
In the next section, we define mediatability and illustrate
with an example based on the source and target schemas
illustrated in Figure 1.
3 Mediatability: Definition and Computa-
tion
In this section we present the conceptual definition of
mediatability between two schemas and discuss our ap-
proach to calculating a concrete quantifiable metric. Me-
diatability is defined as the measure of the degree of human
involvement in mediation between two schemas based on
their semantic and structural similarities. The value of me-
diatability between two schemas lies between 0 (hardest to
mediate; indicates significant of human effort) and 1 (easy
to mediate; indicates little effort). Formally, mediatability
between a target schema T and a source schema S is defined
as
σ(T, S) = x : x ∈ [0, 1]
While we believe that such a notion can be defined between
any two schemas (databases, ontologies), in this paper we
focus on computing the mediatability for XML schemas.
The conceptual definition of mediatability cannot be used
directly. We present a computable and quantifiable defi-
nition of mediatability between two schemas and discuss
our approach toward calculating mediatability between two
schemas.
3.1 Overview
Mediatability between two schemas is computed by first
computing the the mediation similarity between the two el-
ements of the two schemas. The mediation similarity be-
tween two elements is a function of their element similarity
and structural similarity. Element similarity between two
elements is a function of Semantic Similarity, Wordnet Sim-
ilarity, Lexical Similarity and Type Similarity.
To compute the structural similarity, we first identify the
nearest similar ancestor of the two elements. The nearest
similar ancestor between an element eti in the target schema
and an element esj in the source schema is a pair of elements
etp in target schema and e
s
q in source schema such that e
s
q
belongs to the similarity set of etp and e
t
p is the nearest such
element to eti in the target schema. The mediation similarity
between eti and e
s
j is defined as a measure of the structural
and the semantic similarity between the two elements and
is a function of the element similarity between them, the
















































 Schema A  Schema B
Figure 1. Search Services and Search Request Schemas
elements and the distance between the elements and their
NSA.
The mediatability between an element in the target
schema and an element in the source schema is computed
in a recursive manner by computing the mediatability be-
tween the elements in the two schemas. The computation is
performed in a bottom-up manner, beginning with the leaf
elements and terminating at the root element. This is illus-
trated in Figure 3 (b). The mediatability between two ele-
ments is the average mediatability between their respective
child elements. If an element in the target schema is a leaf
node, then the mediatability between that element and an
element in the source schema is same as the mediation sim-
ilarity between them. The formal definition and a detailed
discussion about computing the mediatability is presented
in section 3.5.
We now present our approach for computing the medi-
atability in detail.
3.2 Computing Element Similarity
Converting the source and target schemas into schema
hierarchy trees is the first step in computing the mediata-
bility. The schema hierarchy trees are created by converting
each element in the XML schema to a node that contains the
name of the XML element, the semantic annotation on that
element and the XML data type of the element. If the type
of an XML element is a complex type, then the data type
property of that node is empty. Complex types and refer-
ences are expanded in place. The in place expansion allows
us to model the schema as a tree and removes the links be-
tween different elements in the schema. In our discussion
we denote the source schema hierarchy tree as Hs and the
target schema hierarchy tree as Ht. Elements in the source
schema hierarchy tree are denoted by esj and the elements
in the target schema hierarchy tree are denoted by eti.
Once the schema hierarchy trees are constructed, we
compute the element similarity between the elements in Ht
and Hs. This is computed in a top-down manner starting
with the root of the target schema hierarchy. To compute
the element similarity, we compare the elements in the tar-
get and source trees. The element similarity computation is
illustrated in Figure 2(a).
• Semantic Similarity: If semantic annotations are
present in both the target and source elements, concept
similarity is calculated by computing the relationship
between the concepts in the semantic model referenced
by the annotations. If the relationship between the
concepts is one of subclass, superclass or equivalence,
then the semantic relationship is used in defining the
semantic similarity. Since the SearchResult element
the target schema and the Result element of schema A
in Figure 2(a) have annotations and the annotations are
equivalent, the semantic similarity between them is 1.





Wsub ta v ts
1 ta ≡ ts
Wsup ta w ts
0 ta, other relationships
where Wsub and Wsup are scores assigned to subclass
and superclass relationships and ta and ts are the on-
tology concepts referenced by the source and target an-
notations respectively.
• Wordnet Similarity: If the semantic similarity cannot
be computed or is zero, we compute the wordnet sim-
ilarity between the element names based on the rela-
tionship between them in Wordnet [13]. In Figure 2(a),
the Photo element of the target schema and the Image
element in schema A are not annotated. Hence the sim-
ilarity between them is computed using wordnet. Since






























































Figure 2. (a) Computing Element Similarity (b) Nearest Similar Ancestor








i hyponym of e
s
j










where Whypo and Whype are scores assigned to hy-
ponym and hypernym relationships respectively and d
is the depth of the relationship.
• Lexical Similarity: If both the semantic similarity and
the wordnet similarity is zero, we compute the lexi-
cal similarity between the element names using edit
distance. This is denoted by Lsim. In the example il-
lustrated in Figure 2(a), the lexical similarity between
the SearchResult element of the target schema and the
SearchResponse element of Schema A is computed,
since their semantic and wordnet similarities are zero.
• Type Similarity: The type similarity (Ts(eti, esj)) be-
tween the elements is calculated by comparing the
xsd:type of the elements and the similarity value is
based on the two types being compared. If the types
match, then the type similarity is exact.















 Ssim , if semantic similarityWsim , if wordnet similarity
Lsim , if lexical similarity
3.3 Factoring Structural Similarity
In computing the element similarity, we only consider
the similarity between the semantic annotations and the el-
ement names along with the type similarity. The structural
similarity, which plays a crucial role in determining the me-
diation similarity cannot be ignored. For example, the width
element, which is a child of element of the photo element
in the target schema in Figure 2(b) would match completely
with the width elements contained in both Image and Video
elements in schema A, if one were to only consider the an-
notation and type similarities. However, the the similarity
between the image element in the schema A and the photo
element in the target schema is higher than that between the
video element in schema A and photo element in the tar-
get schema . Factoring this information, we can say that
the width element under the image element is more similar
to the width element in the target schema. We define the
nearest similar ancestor between an element in the target
hierarchy and an element in the source hierarchy.
The Nearest Similar Ancestor(NSA(eti, e
s
j)) is the pair
of elements (etp, e
s
q) such that e
s
q belongs to the similarity










∧ esq is the nearest ancestor of eti. (2)
where Setp is the similarity set of e
t
p. The similarity set of
an element is defined later in the section. The definition of
nearest similar ancestor between two elements in a hierar-
chy is inspired by the definition of nearest common ancestor
proposed by Dov and Tarjan in [6].
3.4 Computing mediation similarity
Using the element similarity and the nearest similar an-
cestor, we define the mediation similarity between eti and
esj . Two elements may have an element similarity of 1, but
if there is very little structural similarity between the two
schemas, the mediation similarity would be significantly
lower. The structural similarity depends on the level of the
target and source elements in the respective hierarchy trees
from their nearest similar ancestors. If the NSA (eti,e
s
j) ex-
ists, the mediation similarity is measured by factoring their
element similarities, the mediation similarity between the
NSA elements and the distance between eti, e
s
j and their re-
spective ancestors in the NSA. If there is no similar ances-
tor between eti and ,e
s
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Figure 3. (a) Computing mediation similarity (b) Mediatability Computation
factoring in the element similarity and the depth of the el-
ements in the hierarchy. If the either of the two elements
is the the root element, then its depth is taken to be 1. The

















, if NSA is empty.
(3)
where dip is the depth of eti from its nearest similar ances-
tor, djq is the depth of the esj from its nearest similar an-
cestor, di is the depth of eti and dj is the depth of e
s
j . We
now illustrate with an example. Consider the target schema
and schema in Figure 3 (a). The element similarity between
the SearchResult element in the target schema and the Re-
sult element in schema A is 1. Now the depth of the Re-
sult element in schema A is 4, while the SearchResult el-
ement in the target schema is the root and hence its depth
is taken to be 1. The mediation similarity between the two
elements is 0.25. Now we consider the Photo element of
the target schema and the Image element of schema A. The
NSA(Photo, Image)= (SearchResult,Result). The element
similarity between the photo and the image elements is 1
and the mediation similarity of the NSA elements is 0.25,
from the above. Using the formula for mediation similar-
ity defined in equation 3, the mediation similarity between
photo and the image element is 0.25.
The similarity set of eti (S(e
t
i))is the set of elements e
s
j in
the source schema that have the maximum similarity value
with eti.
S(eti) = {esj : OS(eti, esj) is maximum} (4)
As an example, the similarity set of the photo element of the
target schema is { Image }.
The mediation similarity coefficient of a target element
eti is the maximum mediation similarity value between e
t
i
and any source element.
OSC(eti) = maximum mediation similarity value between
eti and any source element. (5)
As an example, in Figure 3(a), the mediation similarity co-
efficient of the Photo element of the target schema is 0.25.
3.5 Calculating Mediatability
We now discuss the calculation of the mediatability be-
tween two schemas. While element similarity is computed
in a top-down manner, mediatability is computed in a bot-
tom up manner, beginning with the leaf elements of the tar-
get schema.
Mediatability of an element eti in the target schema is de-
noted by σ. If an element eti is a leaf element, the mediata-
bility of eti is the same as its mediation similarity coefficient




The width element in the target schema in Figure 3(b) is a
leaf element. Hence its mediatability is same as its medi-
ation similarity coefficient, which is 0.25. For each eti that
is not a leaf element, the mediatability of eti defined as the







where z is the number of immediate children of eti. The me-
diatability of the photo element in the target schema in Fig-
ure 3(b) is the average mediatability of its children. Since
all the child elements of the photo element have a medi-
atability of 0.25, the mediatability of the photo element is
0.25.
Before we define the mediatability between the source
and target schemas, we make a small but important obser-
vation. Once the mediatabilities are computed for all el-
ements, it is possible that the root element of the target
schema has more than one member in its similarity set,
implying that the source schema may have more than one
substructure that can be mediated with the target schema.
To reflect the effort needed to identify the correct substruc-
ture, we consider the cardinality of the the root element’s
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similarity set in defining the mediatability between the two
schemas. We now define the mediatability between the tar-
get and source schemas as the ratio of the mediatability of





σ(root of Ht) (8)
The mediatability between the two schemas in Figure 3 is
computed as follows. The mediatability of the root element
(SearchResult) is 0.25. The similarity set of the SearchRe-
sult element, which is the root, is {Result}. The cardinal-
ity of the similarity set of the root is 1 and its mediatabil-
ity is 0.25. Computing the mediatability between the two
schemas as defined in Equation 8, we get 0.25.
3.6 Optimizing Time Complexity
One of the drawbacks of the approach to comparing ev-
ery element in the target schema is that the computational
complexity is O(n2). This inefficiency is further enhanced
by the fact that often times, the comparison will yield no
meaningful results. As a way of optimizing this compari-
son, we define the scope of comparison. We adopt a method
similar to αβ pruning to reduce the number of elements in
the source schema that need to be compared with a given
element in the target schema. The children of an element
eti in the target schema would be compared only with the
children of those elements in the similarity set of eti. The
children of those elements in the source schema that belong
to the similarity set of eti are the scope of comparison for
the children of eti. Defining the scope of comparison would
help reduce the complexity of the average running time of
element similarity computation. In our example, the width
element in the target schema would be compared with the
children of the image element in the source schema, since
the image element in source schema A is in the mediatabil-
ity similarity set of the parent element of width.
4 Evaluation
In this section we present the empirical evaluations of
our algorithm. The objective of our empirical evaluations
is three fold: 1. Evaluate the accuracy of our approach
through a user study; 2. Study the impact of semantic anno-
tation on mediatability and 3. Demonstrate the scalability
of our algorithm.
In our experiments, we compare a target schema with
5 different source schemas. The source schemas are cre-
ated by studying the results schemas of Yahoo Web Search
6(schema A), Google Search 7(schema B), Microsoft Live
6http://developer.yahoo.com/search/Web/V1/WebSearch.html
7http://code.google.com/apis/ajaxsearch/
Search 8(schema C), Yahoo Image Search 9(schema D) and
Flickr 10 (schema E).The schemas for Google Web Search
and Flikr search were created by studying their responses,
since they do not provide XML schemas explicitly. The ex-
perimental datasets including the schemas and the ontolo-
gies that are used in annotation, the user study questionnaire
and an implementation of the mediatability computation al-
gorithm are available at [1].
In our experiments, subclass similarity is assigned a
value of 0.5 and superclass similarity is assigned a value
of 0.8. Hyponym and hypernym scores are calculated as 1l ,
where l is the length of the hyponym or hypernym relation-
ship in wordnet. The Levenshtein measure is used in the
computation of lexical similarity.
4.1 Evaluating Accuracy
Our first experiment compares the mediatability scores
obtained by our algorithm with a set of normal and expert
users. The set of expert users comprised of committers of
XML centric Apache projects including Apache Axis and
Apache XML Schema. Normal users consisted of mashup
developers having minimal programming and XML exper-
tise. We included the normal users to compare our scores
with the perceived difficulty of average developers, who we
believe will have the most benefit from our work. Users
were asked to rank the mediatability between the source and
the target schemas using a Web application. Our results,
illustrated in Figure 4, show that the calculated mediatabil-
ity scores match fairly well with the perceived mediatability
values and agree well with the expert opinions. The average
margin of error between the system calculated mediatabil-
ity and the perceived mediatability of the normal users was
less than 15%, while the margin of error with expert uses
was less than 10%. We make a special observation about
schemas A and E. We recall here that schema A was de-
rived from Yahoo Web Search. This schema did not have
any image element in its result set and hence was given a
low mediatability score to account for the loss of informa-
tion. However, users perceived the mediatability to be twice
as easier than the system calculated value. This indicates
that our approach is very conservative and does not over-
estimate. Similarly, schema E (derived from Flickr), had a
structural heterogeneity, that was penalized by the system.
4.2 Impact of Annotation
This experiment measures the impact of semantic anno-
tations in determining the mediatability. We annotated the
source and target schemas with concepts from the semre de-
scriptor ontology[1], a categorization of Web API’s derived
from ProgrammableWeb. The mediatability was calculated





Figure 4. Accuracy Based on User Study
and complete annotations. The schemas were annotated us-
ing the techniques described in the SAWSDL recommen-
dation [18]. Schemas with partial annotations were created
by adding top-level annotations to complex types. Schemas
with complete annotations were created by adding annota-
tions to the leaf elements in addition to the top-level an-
notations. Figure 5 illustrates the impact of annotation on
mediatability. In the case of schema A, where the target
schema has more elements than the source schema, the me-
diatability is low in all the three cases. However, we can
see that semantic annotations considerably improve the me-
diatability score. Having partial annotations does not im-
pact the mediatability in the case of schema A, since there
are no complex types in the source schema. In the case of
schemas B, C and D that contain complex types, one can see
that complete annotations significantly improves the medi-
atability score and even partial annotations have an impact
on the mediatability. On average our experiments demon-
strate that partial annotations improve the mediatability by
a factor of 2 while having complete annotations improves
the mediatability by a factor of 3.
Figure 5. Impact of Semantic Annotation
4.3 Evaluating the Scalability
Our third experiment demonstrates the scalability of our
algorithm. The algorithm was tested on two systems with
different computing resources. System 1 is a Mac Book Pro
running OSX 10.5 with 2 GB RAM and Intel Dual Core
2.0 GHz processor. System 2 is a Dell server running Fe-
dora Core 5 with 16 GB RAM and AMD Quad Core 2.4
GHz processor. As illustrated in Figure 6, we see that in the
Figure 6. Measuring Execution Time
worst case, system 1 takes 36 seconds to compute the medi-
atability and system 2 accomplished the task in 25 seconds.
This demonstrates the scalability of our algorithm. Figure
6 measures the scalability when the source schema has 364
elements and is 6 levels deep and the number of elements in
the target schema are varied from 13 to 364. The depth of
the target schema was varied from 3 to 6.
5 Related Work
The primary focus of this paper is to define a computable
metric for measuring the ease of mediating between two
schemas. The research presented in this paper is inspired
by and builds upon the past work in the areas of database,
XML and ontology schema matching. We believe that to
the best of our knowledge, there has not been any previ-
ous research to estimate the degree of human involvement
in XML schema mediation.
Since the early work on federated databases [20], inter-
operability among databases with heterogeneous schemas
has been a well researched issue. Research in the area of
database schema integration like [14]and [8] discuss ap-
proaches to matching that transform heterogeneous mod-
els into a common model. [17] discusses an approach for
automatic annotation by converting XML descriptions to
schema graphs to facilitate better matching. [10] abstracts
the mappings between models as high level operations in-
dependent of the underlying data model and the applica-
tions of interest. [11] discuss an approach to computing the
matching between two schemas based on similarity flood-
ing. The approach presented in [11] computes the similar-
ity of an element, based on the similarity of the neighboring
elements in a graph.
The various heterogeneities that can exist between two
schemas is discussed in [7]. This is further extended in
the context of Web services, where message level hetero-
geneities between two interoperating Web services are stud-
ied in detail [16].
In the area of semantic Web services, the WSMO project
[2] which coined the term Data Meditation, is most rele-
vant to our work. Much of the focus of WSMO research
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has been in ontology mapping. [4] discusses a mediator
based approach to address data and process mediation. [15]
present a formal model for ontology mapping. [15] further
discusses the role of the formal model in creating and ex-
pressing mappings in WSML, based on semantic relation-
ships. [21] discusses an integrated model based on data
level, functional level and process mediation for the Se-
mantic Web with the main focus on services created using
WSMO. Ontology matching and mapping is a vast area of
research. In addition to the WSMO approach to ontology
mediation, [3] and [12] among others also address this prob-
lem in different contexts. However, as discussed before, the
measure of difficulty in data mediation (as captured by me-
diatability) and comprehensive evaluation with real world
data as presented in this paper is missing.
6 Conclusion and Future Work
In this paper we introduce the concept of mediatability
as an estimate of the degree of human involvement in XML
schema mediation. We also provide a quantifiable and com-
putable definition for mediatability. We present a simple
two pass algorithm for computing mediatability between
two schemas. The first pass of the algorithm computes the
element and the structural similarity and the mediatability
is computed in the second pass. We adopt a pruning strat-
egy based on αβ pruning to improve the average case per-
formance of our algorithm. Our experiments analyze the
impact of having semantic annotations in determining the
mediatability between two schemas. We validate our ap-
proach by comparing the mediatability scores generated by
our system against that of user-perceived difficulty in medi-
ation and study the scalability of our algorithm.
While structural and element similarity are essential for
computing mediatability, they are by no means sufficient. In
this work, we do not consider the nillabilty and the cardinal-
ity properties of XML schema, that play a significant role
in instance level mediation. Another interesting aspect to
study would be the impact of various schema, element and
attribute level heterogeneities discussed in [16] on the me-
diatability between two schemas. We propose to extend our
work by addressing the relevance of mediatability to var-
ious automatic and semi-automatic schema matching and
mapping approaches.
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